1. The biliary and urinary excretion of (+)-[U-14C]catechin was studied in normal male rats after a single injection of the flavonoid. 2. In rats large amounts of radioactivity (33.6-44.3% ofthe dose in 24h) were excreted in the bile as two glucuronide conjugates [one of which was a (+)-catechin conjugate] and three other unconjugated metabolites. 3. Excretion of radioactivity in the urine when the bile duct was not cannulated amounted to 44.5% of the dose. 4. In both the urine and bile the new metabolites showed maximum excretion in the I-lih after intravenous injection of [14C]catechin. 5. The metabolites m-hydroxyphenylpropionic acid, phydroxyphenylpropionic acid, 8-(3-hydroxyphenyl)-y-valerolactone and 8-(3,4-dihydroxyphenyl)-y-valerolactone originate from the action of the intestinal microorganisms on the biliary-exereted metabolites of (+)-catechin. These phenolic acid and lactone metabolites are then reabsorped and excreted in the urine. 6. It is proposed that, depending on the route of administration of (+)-catechin, there exists an alternative pathway, involving biliary excretion, for the metabolism of (+)-catechin.
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It is generally recognized that one of the routes for excretion of foreign compounds injected into the rat may be through the bile (Brodie & Axelrod, 1948;  Woods, 1954; Calvey, Somani & Wright, 1970; Pearson & Martin, 1966;  Taylor, 1970; Karim & Taylor, 1970; Sandberg & Slaunwhite, 1957) .
However, so far there have been few reports on the biliary excretion of flavonoid compounds in the rat. Many reports have been published on the oral administration of different flavonoids to experimental animals and identification of their excretory metabolites in the urine (Booth, Murray, Jones & DeEds, 1956; Booth, Jones & DeEds, 1958a,b; Watanabe, 1959;  Griffiths, 1964; Das & Griffiths, 1966) . Work in this laboratory has shown that oral administration of (+)-catechin to the rat and guinea pig results in appreciable absorption of the compound from the gastrointestinal tract and that the compound is metabolized, the degradation products appearing in the urine in the free and conjugated forms (Griffiths, 1964; Das & Griffiths, 1968 , 1969 Measurement of radioactivity in bile and urine. Radioactivity in bile and urine was assayed by liquid-scintillation spectrometry. Samples of bile or urine (0.1 ml) were directly added to scintillation fluid (10ml) in low-potassium glass vials. The composition of the scintillation fluid was as described by Das & Griffiths (1967) . The radioaotivity ofthe samples was usually counted at an efficiency of 69-78% in a Packard Tri-Carb model 3320-01 liquidscintillation spectrometer. Counting efficiency was determined by using the automatic external standard provided in the spectrometer.
Paper chromatography. Whatman no. 1 paper was used for routine qualitative chromatography, but for the isolation of labelled metabolites by band chromatography Whatman 3MM paper was used. For qualitative analysis samples of bile or urine (30u1l) were applied as discrete spots to one end ofa strip of Whatman no. 1 paper (10cm x 45cm). Labelled components in bile were resolved by ascending chromatography in butan-l-ol-acetic acidwater (4: 1: 5, by vol.) for about 18 h at room temperature. After development, the radiochromatograms were dried and viewed under u.v. light in the absence and presence of NH3 vapour. The radiochromatograms were then sprayed with different reagents.
Radioassay. Radioactive spots on chromatograms were located by radioautographs on X-ray film (Kodirex; Kodak Co. Ltd; Alexandra Road, Singapore) with exposure for 3-4 weeks.
Spray reagents. The reagent described by Barton, Evans & Gardner (1952) , diazotized p-nitroaniline and diazotized sulphanilic acid (Smith, 1960) were used for the detection of phenolic compounds. The reagents described by Roux & Maihs (1960) were used for the identification of any flavonoids associated with oondensed tannins: FeNH4(SO4)2; vanillin-toluene-p-sulphonic acid; bisdiazotized benzidine; ammoniacal AgNO3. The colour reactions of these reagents with the different metabolites are presented in Table 1 .
Enzymic hydrolysis of conjugates in the bile and urine. The enzymic hydrolysis of urine samples for glucuronide conjugates or sulphate conjugates was performed as described by Das & Griffiths (1968) . For the bile samples the pH was adjusted to 5 with 0.1 M-HCl and to each 1 ml sample was added 3000 Fishman units of -glucuronidase (EC 3.2.1.31) (type B-3 from bovine liver; Sigma Chemioal Co., St Louis, Mo., U.S.A.). Similarly, to each 1 ml bile sample (pH 5) was added 10 units of arylsulphatase (EC 3.1.6.1) (type III from limpets; Sigma Chemical Co.). Control incubations of bile or urine were carried out in which the pH was adjusted to 5 with 0.1M-HCI but no enzymes were added. All the tubes were incubated for 24h at 37°C in a Dubnoff metabolic shaking incubator (Precision Scientific, W. Cortland St., Chicago, Ill., U.S.A.). At the end of the incubation each sample was taken and portions (30,ul) were used for qualitative ascending chromatography.
Detection of glucuronic acid. The glucuronic acids liberated by the action of,-glucuronidase (EC 3.2.1.31) on glucuronide conjugates were detected on paper chromatography by spraying with 0.2% naphtharesorcinol reagent (Elliott, Tao & Williams, 1965 Flawil, Switzerland) . The residues were taken up in 1 ml of acetone, and 0.05 ml portions were applied to Whatman no. 1 paper and subjected to two-dimensional chromatography as described by Das & Griffiths (1966) .
RESULTS
Excretion of radioactivity in bile The common bile ducts of rats were cannulated. Two rats were injected intravenously with 25mg each and the other two with 50mg each of (+)-[U-14C]catechin (sp. radioactivity 17.8mCi/mol). The total excretion of radioactivity over the 24h period of bile collection was in the range 33.6-44.3% of the dose, depending on the amount administered. Administration of 50mg of (+)-[U-14C]catechin gave a total of 1832000d.p.m. (33.6% of dose) of radioactivity in the 24h bile collection and when the administered dose was decreased to 25mg the total radioactivity in the 24h bile collection amounted to 1 208000d.p.m. (44.3% of dose). However, the periodic pattern of excretion of radioactivity in bile for both sets of experiments is similar (Fig. 1) (Das & Griffiths, 1968 , 1969 Das & Griffiths (1967) .
Subsequent isolation of metabolites 3-7 separately by preparative band chromatography and treatment of each with ,-glucuronidase showed that metabolites 5 and 6 were glucuronide conjugates of metabolites 1 and 2 respectively. Excretion of radioactivity in urine (+)_U_14C]catechin (sp. radioactivity 17.8mCi/ mol). The radioactivity distributions in the periodic Cannulation of the common bile duct and ureter. collection of bile and urine are presented in Table 2 . Each rat was injected intravenously with 25mg of The values given represent differences from the Oh Ligation of the common bile duct and cannulation of the ureter. Urine samples from two rats were collected for 24h. The total radioactivity in the 24h urine samples amounted to 67.3% of the administered dose (rats III and IV; Table 2 ). The chromatographic analysis of each sample of urine (obtained both by ether extraction and direct urine application) for rats III and IV showed the presence of metabolites 1, 2, 3, 5, 6 and 7 in large amounts in the h, I h and I Jh urine collections. The radioactivity during the i h, 1 h and 1 h urine collections also showed maximum values (Table 2 and Fig. 2c ). This is to be expected, since the common bile duct has been ligated and all the metabolites that were excreted in the bile previously would now appear in the urine. Further, the urine collections had a typical jaundiced appearance. Cannulation of the ureter only. Each of two rats was injected intravenously with 25mg of (+)-[U-14C]catechin. The radioactivity distributions in the periodic collection of urine are shown in Table 2 (rats V and VI) and presented as a histogram in Fig. 2(d) . The values given represent differences from the Oh collection, i.e. before injection of the labelled flavonoid. The total radioactivity over 24h urine collection amounted to about 44.5% of the administered dose. The chromatograms showed a pattern for the excretion of metabolites 2, 3, 6, 5 and 1 similar to that observed with the chromatograms of urine from rats I and II. They were detected only from the j-1h urine samples.
Chromatography of the ether extract from urine collections. Ether extracts of the unhydrolysed urine of rats I and II, III and IV and V and VI were analysed by two-dimensional chromatography. The patterns of metabolites detected for rats I and II and III and IV were similar. The metabolites detected in the ether extract of the unhydrolysed urine of both groups of rats include in addition to metabolites 3, 5, 6 These metabolites were reported to be excreted in the urine of the rat and the guinea pig after the oral administration of (+)-catechin (Das & Griffiths, 1968) and during incubation in vitro of (+) catechin with rat intestinal contents (Das, 1969) . The metabolites, namely 8-(3-hydroxyphenyl)-yvalerolactone, m-hydroxyphenylpropionic acid, 8-(3,4-dihydroxyphenyl) -y -valerolactone and phydroxyphenylpropionic acid, were absent from the ether extracts of the hydrolysed and unhydrolysed urine of rats I and II and III and IV.
DISCUSSION
In normal rats biliary excretion was shown to be of great importance in the elimination of (+)-
[U_14C]catechin and its metabolites. In contrast, Calvey et al. (1970) reported that in normal rats biliary excretion was of little or no importance in the elimination of [14C]trimophonium iodide (a phenolic quaternary amine) and its metabolites. They reported that only small amounts of radioactivity were detected in bile; about 3% of the dose was recovered in 4h.
Additional metabolites of (+)-[U-_4C]catechin are excreted in the bile and urine of rat after intravenous injection of the labelled flavonoid. The histogram presented in Fig. 2(d) shows a distinct rise in radioactivity in the 9-lOh urine collection that is absent from the histogram in Fig. 2(b) . Fig. 2(b) shows the excretion of radioactivity in urine of rats I and II (common bile duct and the ureter cannulated) after the intravenous injection of (+)_[U_14C]catechin (25mg). Fig. 2(d) shows the excretion of radioactivity in urine of rats V and VI (ureter cannulated and the common bile duct left intact) after the intravenous injection of (+)-
